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The recent enhancements to CFDRC's NanoTCAD 3D mixed-mode simulation package, combining physics-based models of nano-scale semiconductor devices and unique mixed-mode interface to the Cadence Spectre circuit simulator, have enabled simulations and in-operation analysis of ionizing radiation single event effects (SEEs) in modern high-speed electronic technologies and integrated circuits. Additionally, the NanoTCAD'  new, automated interface to Geant4 radiation models and the 3D solver capability to model very low temperature behavior, enable a comprehensive and accurate modeling of radiation effects in advanced microelectronics in the extreme radiation and temperature environments. Example simulations of SEEs affecting digital output of multi-GHz mixed-signal circuit are presented. Our 3D mixed-mode modeling results compare very well with experimental data. The developed approach has also been successfully applied to modeling of radiation damage in semiconductor materials in photodetectors and solar cells used in high-radiation space environments.
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Radiation Hardening - exploring and developing a variety of approaches to make integrated circuits (ICs) and microelectronics devices resilient to radiation. Development of radiation-hardened, or rad-hard, microelectronic components requires changing designs and/or altering manufacturing processes. Computer modeling may significantly speed up this process.
_1267964549.doc
[image: image1.png]radiation damaged FPGA

\1\‘1‘ LU LI

|

|
LU
M
LI

evalved solution
makes use of
parity/checksum healthy resources

board




[image: image2.png]2.40E-012 sec

ssssssssss
|||||||
3




[image: image3.png]Drain Current (A)

— 100 MeV - LET
— 100 MeV -0

— 60 MeV - (p,o)
—— 100 MeV - spallation

6 8
107"

4

Iélél

1077
Time (Ss)







Space / Nuclear Radiation







errors or damage 



in chip







affected devices







Radiation-Response Mechanisms & Models











Automated



Analysis



&



Design



Tools







affected electronic board







Rad-hard devices & circuits  ( minimum damage!
















_1185347294.doc
[image: image1.png]



[image: image2.png]Vdd




[image: image3.png]Vout (v)

Output Voltage Profile (LET = 40 MeVimg/em2 | X = 3.6 um)

35]
34
25
7]
151
14
05
4
B0 400 BEQY BED9

Time &)

L=

1E08

Vot 6)
Vo0 65)
Yot 7)
Vo0 75)
Vo0 §)
Vo0 85)





[image: image4.png]MBER ERROR!
toa (MR R oRe

CHIP CROSS  —~| ———
SECTION (cm2)

DEPOSITED
CRITICAL ENERGY
CHARGE (pC)




[image: image5.png]Loq (NUMBER ERRORS,)











3D Device Simulation











Signal “Upset”







Circuit Model







CHIP CROSS SECTION �(cm2)



(Sensitivity to Radiation)







time (s)












